The use of PCR to amplify a specific virA gene fragment serves as a highly specific and sensitive method to detect virulent bacteria of the genus Shigella and enteroinvasive Escherichia coli. Amplification of a 215-bp DNA band was obtained by using isolated genomic DNA of Shigella, individual cells of Shigella dysenteriae, and mayonnaise contaminated with S. dysenteriae. Moreover, a multiplex PCR with specific (virA) and bacteriumrestricted (16S ribosomal DNA) primers generated an amplification product of approximately 755 bp for all bacteria tested and an additional 215-bp product for Shigella and enteroinvasive E. coli.
was labeled by PCR as described above, except that deoxynucleoside triphosphate was replaced by a Dig labeling mix (Boehringer) containing Dig-dUTP (17) . After hybridization, the membrane was washed (high-stringency conditions) twice at 65°C over a period of 15 min in 2ϫ SSC-0.1% (wt/vol) SDS and then twice at room temperature over a period of 15 min in 0.1ϫ SSC-0.1% (wt/vol) SDS. The Dig probe was detected by color by using an anti-Dig antibody coupled to alkaline phosphatase (Boehringer), as described elsewhere (13) .
Nucleotide sequence accession number. The virA sequence of S. dysenteriae serovar 1 will appear in the EMBL, GenBank, and DDBJ nucleotide sequence databases under accession no. AF010147.
RESULTS

Specificity of PCR with virA primers.
We have designed two specific primers flanking a 215-bp region of the S. flexneri virA gene (accession no. D26468). These primers amplified not only isolated DNA from S. flexneri but also those isolated from all the other Shigella and EIEC strains tested (Table 1 ). All amplification-generated products were of the expected size (approximately 215 bp) on agarose gel electrophoresis. Isolated DNA from microorganisms other than Shigella and EIEC produced no amplification product (Table 1) , even though there was sufficient DNA (100 ng) to detect a single-copy sequence of virA.
Sensitivity of PCR with virA primers. When S. dysenteriae serovar 1 was used, as little as 25 fg of isolated DNA (Fig. 1A) , 10 l of a bacterial dilution containing between 1 and 10 CFU, i.e. 100 to 1,000 cells/ml (data not shown), and deliberately contaminated mayonnaise (data not shown) gave positive amplifications, as revealed on an agarose gel.
The amplification product of S. dysenteriae serovar 1 was cloned in a plasmid vector. A representative clone was sequenced in both directions. This sequence (accession no. AF010147) was 215 nucleotides long and identical to that of virA from S. flexneri. This representative clone was labeled with Dig and used as a highly specific probe to hybridize against the amplification products obtained with different amounts of DNA from S. dysenteriae serovar 1. Positive hybridization was observed for all lanes in which template DNA (1 to 100 fg) had been added to the PCR (Fig. 1B) ; i.e., the sensitivity was 1 fg of template DNA.
Multiplex PCR. The 16S rDNA primers were designed by using conserved regions of 16S rDNA of bacteria and the corresponding sequence of E. coli (accession no. J01695). They should produce an amplification product of around 755 bp whenever bacteria are present. PCR experiments using both virA and 16S rDNA primers (multiplex PCR) produced in all bacteria tested one DNA band of approximately 755 bp (Table  1) and an additional DNA band of approximately 215 bp in Shigella and EIEC (Table 1 and Fig. 2A ). On the other hand, the few samples of eukaryotic DNA that were tested did not produce either the 755-bp DNA band or the 215-bp DNA band (Table 1) . Moreover, the 215-bp product could be differentiated from that of 755 bp not only by gel electrophoresis but also by hybridization against the virA probe (Fig. 2B) .
DISCUSSION
Epidemiological studies on Shigella have established that 10 cells are sufficient to be an infective dose (24) . This amount of bacteria could easily be present in contaminated food. The results presented in this work showed that PCR with virA primers could be a useful hazard test because its sensitivity, similar to that reported elsewhere (4, 5) , would allow 1 fg of DNA or 1 to 10 cells in 10 l of sample to be detected. Moreover, the high annealing temperature between primers and target and the nature of the target itself gave the desirable specificity for strains containing the virulence plasmid, Shigella and EIEC.
Legislation in many countries requires the absence of Shigella in 25-g amounts of foods (9) , such as mayonnaise. Since it is not possible to directly carry out PCR on 25 g of mayonnaise, an enrichment step is necessary. Despite this additional step, the PCR is faster and also more sensitive than conventional methods. A positive result with the virA primers does not conclusively demonstrate that a virulent organism is present in the sample. Given that the genes implicated in virulence are located on both the chromosome and the plasmid and that virA is on a plasmid, which could be transferred to other bacteria, it is theoretically possible that other bacteria can carry virA and be nonpathogenic.
The applicability of PCR with the virA primers for detection of Shigella and EIEC in mayonnaise was demonstrated since a positive amplification was obtained with mayonnaise diluted with peptone water that had been deliberately contaminated with Shigella. The absence of a PCR product when an enrichment medium is used as the source of template DNA could be due to either (i) no contamination (absence of target DNA) or (ii) a failure in the reaction due to the presence of inhibitors and/or the unavailability of DNA, e.g., no bacterial lysis. Failure to detect contamination by PCR could be confirmed by using multiplex PCR to verify the absence of the 755-bp product both in a food sample and, as a positive control, in a food sample contaminated with exogenous bacteria.
Cost factors are likely to be considered when selecting the method for detection of Shigella in foods, and PCR seems to be more expensive than the conventional method (if confirmation of positive results is excluded). However, it should be kept in mind that the latter method does not include an enrichment medium intended for Shigella (8) . Also, the conventional method is time-consuming, requiring food to be stored for a long period. Therefore, a comparison of the costs associated with storage and those of the PCR itself should be made.
